Native vegetation around the world is under threat from historical and ongoing clearance, overgrazing, invasive species, increasing soil and water salinity, altered fire regimes, poor land management and other factors, resulting in a degradation of natural ecosystem services. Consequently, maintaining and improving native vegetation condition is a target frequently adopted by natural resource managers and government agencies world-wide. Adequate monitoring of vegetation condition remains a prerequisite for environmental decision-making and for tracking progress towards management goals. Throughout we consider vegetation condition to include the compositional, structural and functional attributes of vegetation relative to undisturbed vegetation of the same type.
Introduction
Native vegetation, comprising extant trees, understorey and ground covers, has long been recognised as an important and valuable resource. It is well known to provide many vital ecosystem services (Costanza et al., 1997) which directly and indirectly benefit humans globally, including production, cultural benefits, and regulation and support services (Yapp et al., 2010) . Native vegetation also provides habitat for many threatened and endangered species. Given its recognised importance, many organisations and (UNCCD, 1994); Convention on Biological Diversity (Convention on Biological Diversity, 1992) ). In addition, recently emerged environmental markets also require vegetation monitoring to allow informed decision making. These include incentive schemes (Oliver et al., 2005; Parkes et al., 2003) , carbon markets (DeFries et al., 2005a) , and sustainable farming certification. State of the Environment reporting is also undertaken by a large and growing number of management organisations worldwide, including regional, state, national and international governments and authorities (Lindenmayer and Likens, 2010) . Monitoring is also undertaken for forestry plantations around the globe (Coote et al., 2012; Stone and Coops, 2004) .
Given the diversity of needs, contexts and purposes, many different programmes have been developed for monitoring vegetation condition. The selection of vegetation indicators for measurement as well as choice of methods are both critical in any monitoring programme. Inappropriate indicator selection is common, and can have significant costs and implications for environmental decisionmaking (Failing and Gregory, 2003) . Importantly, the indicators and assessment methods should explicitly address ecological or management questions, while including considerations such as spatial and temporal scales.
Methods for vegetation monitoring condition traditionally have involved site-based (e.g. typically a quadrat of 1 ha or less, or a 100 m transect) assessments Parkes et al., 2003) , however, increasing demand for information at broader scales has seen the application of spatial modelling (Zerger et al., 2006) as well as many remote sensing studies for mapping and monitoring indicators of vegetation condition (Newell et al., 2006; Sheffield, 2006; Wallace et al., 2006) . The use of remote sensing for assessing ecological properties of vegetation has been reviewed comprehensively (Asner and Martin, 2009; Gillespie et al., 2008; Kerr and Ostrovsky, 2003; Nagendra, 2001; Schimel et al., 2013; Turner et al., 2003; Ustin and Gamon, 2010) . These reviews focus on direct (e.g. species identification and land cover classification) and indirect measures (e.g. modelling patterns of species and diversity) of biodiversity assessment, but they do not consider other structural, compositional and functional indicators relevant for vegetation condition monitoring. This paper assess the structural (components which make up the three dimensional arrangement of vegetation), functional (ecological processes and vegetation history) and compositional attributes (species richness, diversity, and plant types) which are important for monitoring vegetation condition and how these have been measured using site-based and remote sensing methods, including operational programmes within Australia. We review studies which have integrated the two approaches and highlight how integrated methods are advancing the field of vegetation monitoring and where there is still need for further development.
As climate change and population growth place increasing pressures on our natural resources, improved methods for monitoring vegetation across a range of spatial and temporal scales will be vital for understanding and addressing changes to vegetation. Effective mapping will provide tangible evidence about the condition of native vegetation and will be essential in informing evidencebased decision making, assessing progress towards targets and in environmental reporting.
Indicator selection in monitoring
In principle, a comprehensive assessment of vegetation condition should take into account all structural components and ecological processes (above and below ground) and disturbance regimes over all spatial and temporal scales within a system, from individual plants to landscape level (Noss, 1990) . However, such a comprehensive census of all vegetation attributes and variables over time throughout the landscape is impossible and impractical, generally constrained by logistics and funding. Some studies, however, have attempted to monitor a long 'laundry list' of vegetation attributes, which has resulted in reduced quality of measurements, increased cost, a reduced number of replicates and a consequent reduction in statistical power to detect trends (Lindenmayer and Likens, 2010) . Specialisation is therefore necessary and many approaches have been developed which monitor select subsets of vegetation attributes as indicators of vegetation condition.
The use of indicators to quantify and standardise measurements of vegetation condition has long been suggested by ecologists (Noss, 1990) . The choice of indicators to be measured is critical in vegetation monitoring. Mistakes are common in indicator selection, and this can have significant costs and implications for environmental decision-making (Failing and Gregory, 2003) . Importantly indicator selection should be guided by the context, specific questions being asked and the spatial and temporal dimensions being addressed. Other considerations include whether the indicators are cost-effective to measure, reliable and repeatable, comparable across vegetation types, can be standardised against benchmarks, are capable of representing the overall condition of a system, are sensitive to disturbance and management, allow continuous assessment over a wide range of stressors, and are ecologically relevant (Noss, 1990) .
The considerable diversity of vegetation indicators can broadly be divided into three categories: compositional, structural, and functional indicators (Noss, 1990) . Compositional indicators include identity attributes, such as species richness and diversity, vegetation types, presence of threatened species and relative cover of exotic and indigenous species. The link between composition and vegetation condition is well established (McIntyre and Lavorel, 1994) . Weed species are known to reduce native species diversity and abundance through competition (Catford et al., 2012; Lake and Leishman, 2004) .
Structural indicators are measures of the three dimensional arrangement of the vegetation such as the density of different plant forms, density of tree hollows, canopy cover and ground cover components, patch size and landscape context. Structural components of remnant vegetation are known to be important for influencing microclimates (Chen et al., 1999) , providing niches for a wide variety of fauna species, including reptiles and small mammal species (Garden et al., 2007) . At a regional scale, landscape context, including the size, shape and configuration of remnants, is widely accepted as important for vegetation condition and ecosystem function (Collinge, 1996) . Fragmentation and decreasing connectivity is known to limit dispersal of species (flora and fauna) and therefore genetic diversity (Young et al., 1996) . Patch size has long been known to limit the number and diversity of species which can persist in a particular area, as predicted by island biogeography theory (MacArthur and Wilson, 1967) . Furthermore, the land use surrounding remnants can impact via edge effects (Ries et al., 2004) either negatively through weed invasion, chemical drift, and damage to roots, or positively through reduced competition for light and nutrients, allowing more vigorous growth of vegetation on edges. Change in landscape structure also affects processes such as fire and spread of disease and weeds. Many landscape metrics exist for characterising the spatial structure of vegetation patches including patch size, contagion, configuration, dispersion, connectivity, and shape complexity.
Functional indicators include ecological processes and vegetation history, such as disturbance history, tree health, and nutrient cycling. Such indicators provide important information on the natural processes occurring within a system. Sites in better condition exhibit evidence of natural processes and are considered more resilient to disturbance.
Methods for monitoring indicators of vegetation condition
Two main approaches have been applied to monitoring vegetation condition: site-based assessments and remote sensing methods. The two approaches are distinguished, among other things, by their spatial and temporal scales of application, costs, expertise required, and importantly, the different attributes and indicators that each can measure.
Spatial and temporal scales of monitoring
Despite site-based monitoring programmes having a long a history of application (e.g. Lawley et al., 2013; Sinclair, 2005) , and still being commonly used today, their methods are largely absent from the peer reviewed literature. Site-based monitoring typically involves selecting sites from within homogenous patches of vegetation of the same community type and site history. The majority of site-based assessments are quadrat-based where detailed information is collected about the compositional, structural, and functional attributes of a site (e.g. typically a quadrat of 1 ha or less, or a 100 m transect). In some cases landscape metrics have also been added into overall measures, and benchmarked scores are combined to give an overall condition index for individual patches of sampled vegetation (Department of Environment Climate Change & Water, 2011; Michaels, 2006; Parkes et al., 2003) . In Australia, site-based condition assessments are often undertaken in spring when native species are flowering and are more readily identifiable, although may also be undertaken in other seasons. Temporal frequency of site revisits is often limited by government funding cycles. Table 1 contains a non-exhaustive list of site-based operational vegetation monitoring programmes within Australia (since the early 2000s) and the vegetation attributes measured in each. These operational programmes predominantly measure structural and compositional indicators of vegetation condition, with less emphasis on indicators of function.
The scale at which remote sensing studies measure attributes of vegetation condition varies with the sensor used. Sensors vary in their spatial, spectral, radiometric and temporal resolutions of data collection, and therefore their ability to record and monitor attributes of vegetation. Ground resolution varies from 0.5 m to 10 m for high spatial resolution sensors (e.g. IKONOS and WorldView) to 30 m for medium resolution sensors (Landsat) and 250-1000 m or greater for low resolution sensors (MODIS and NOAA AVHRR). The size of the ground resolution cell determines the scale of the individual features that can be detected, and each image pixel may contain a combined reflectance from more than one feature. Cracknell (1998) discussed the issue of these mixed pixels or 'mixels' and the importance of realising the digital number recorded by the sensor is complicated and may not contain a signal for a single feature. Often sensors with the coarsest spatial resolution have a higher temporal resolution, such as AVHRR (1-2 revisits/day) and MODIS (1-2 revisits/day) and sensors with the highest spatial and spectral resolution have limited spatial coverage and temporal archives, so trade-offs need to be made when selecting the imagery most appropriate for monitoring. Wang et al. (2010) provide a recent review of remote sensing technologies, instruments and techniques. Table 2 lists many of the operational remote sensing programmes used in Australia for monitoring vegetation. These programmes measure vegetation, such as foliage projective cover, proportion of photosynthetic, non-photosynthetic vegetation and soil, or tree density measures, vegetation extent, rangeland vegetation, drought and fires. No programmes have yet been developed which incorporate other measures of condition such as distinguishing between native and non-native vegetation cover.
Structural, compositional and functional indicators
Historically site-based monitoring of vegetation has been taxonfocussed , but also has been applied successfully to measuring other compositional, structural and to a lesser extent, functional indicators of vegetation condition.
Site-based methods
Using expert consultation, Oliver (2002) compiled 62 structural, compositional, and functional indicators which best encapsulate vegetation condition at the scale of the site, for woodland and open forest vegetation communities within New South Wales, Australia. These indicators were later prioritised using multicriteria analysis of 11 of the most important indicators of vegetation condition in these vegetation communities. These indicators were (1) alpha diversity of native trees, (2) cover of native trees, shrubs and perennial grasses, (3) cover of exotic shrubs, perennial grasses, legumes and forbs, (4) cover of organic litter, (5) recruitment of native tree/shrub saplings, (6) native tree health (including dieback and mistletoe presence or absence), and (7) evidence of grazing, 8-11) plus a number of landscape structure attributes (Oliver et al., 2007) . These indicators are typical of those used in other studies of vegetation condition both internationally and in Australia (Noss, 1990; Parkes et al., 2003) .
Plants used as indicators have included orchid species (Laroche et al., 2012) , rangeland species response types (Wesuls et al., 2013) , popular edible wild plants (Higa et al., 2013) and plant functional types (Cousins and Lindborg, 2004 ) among many others. The use of indicator species is based on the assumption that other species will respond to stressors and critical ecosystem processes in a similar way, hence monitoring only need be performed for a single indicator species or taxa. Restricting monitoring to a single species is logistically and economically appealing, provided that the species is not already rare. However, some researchers are sceptical of this method for monitoring condition. Lindenmayer and Likens (2010) point out that not all species are equally sensitive to change and species may behave differently in different landscapes and in response to different stressors. Despite being far more labour intensive and requiring high level expertise during collection, measures of composition are common in vegetation condition monitoring programmes. Shortcomings of site based measures of composition include non-detection errors even for common, persistent vegetation species (Clarke et al., 2012; Elphick, 2008) and inconsistencies between different plot sizes, lack of replication and lack of multiple spatial scales when detecting species richness (Dengler, 2009) .
Structural measures are common in site based monitoring programmes and include life form, height, strata and various measures of stem density, canopy and foliage cover. Inclusion of functional indicators has been encouraged for assessing vegetation condition at the scale of the site in order to infer site resilience and future site trajectory . Measures of vegetation function are typically limited to observations of tree health and stress including canopy health and presence of plant parasites. Some information can also be inferred about disturbance history, including evidence of grazing, fire, flood, and salinity.
Remote sensing methods
The ability of remotely sensed tools to measure attributes of vegetation varies with the sensor, the background characteristics, and which vegetation indicators are to be detected.
The spatial resolution (ground resolution and image extent), spectral properties (number of bands, their width and location within the spectrum), temporal resolution (frequency of acquisitions) of the sensor, as well as the time of year also influence the vegetation features that can be detected. Additionally, vegetation attributes of individual species such as size, shape, aggregation, extent of distribution and phenology can determine whether the species is detectable with remote sensing. The physical structure of vegetation is also important as, for example, canopy cover influences the level of signal measured from the understorey and substrate. If the features to be detected are spectrally distinct from their surrounds they have a greater chance of being successfully discriminated through image analysis. Knowledge of the characteristics of the attribute to be measured must be used to inform the selection of appropriate imagery for detection and analysis.
Composition
Remote sensing studies have aimed to map vegetation composition ranging from vegetation functional types and communities to individual species, including native and exotic species. Vegetation composition has been mapped with multi-spectral satellite imagery (Lewis, 1994 (Lewis, , 1998 Sivanpillai and Ewers, 2013) , hyperspectral imagery (Lewis et al., 2001; White et al., 2013) , high spatial resolution multi-spectral imagery such as IKONOS (Dillabaugh and King, 2008; Johansen and Phinn, 2006) and high spatial and spectral resolution imagery such as CASI (Bunting and Lucas, 2006; Lewis, 2000; Lewis et al., 2001) . Lidar has also been recognised for its potential in mapping forest diversity when used in conjunction with measures of leaf chemistry and spectral signatures (Asner and Martin, 2009) . Historically composition has been harder to derive from remotely sensed imagery than vegetation structure, although there has been some progress in this area. For example, species richness and diversity have been found to be related to remotely sensed spectral (Redowan, 2013) and textural measures (Rocchini, 2007; Rocchini et al., 2010) .
Vegetation type has been derived from remotely sensed imagery using a number of different feature extraction techniques, including vegetation indices and spectral classification. Broad vegetation cover classes and land use types have been generated with the use of NDVI (Hill et al., 1999) , although this does not discriminate well between vegetation communities. Phenology has been used to distinguish different vegetation types using hypertemporal coarse resolution data e.g. AVHRR and MODIS (Jeganathan et al., 2010; Lawley et al., 2011; Petus et al., 2013) . Supervised classification, using pre-selected reference areas as spectral training sites, has long been used in studies seeking to discriminate vegetation types (Lewis, 1998; Nagendra and Gadgil, 1999; Sesnie et al., 2010) . Table 2 Operational programmes in Australia for mapping and monitoring terrestrial vegetation using remote sensing, adapted from Turner et al. (2013 ), ACILTasman (2010 These image analyses lend themselves well to homogenous vegetation stands, although they perform less well in classifying mixed vegetation stands (Teillet et al., 1997) . Identifying species and communities has become increasingly possible with hyperspatial and hyperspectral imagery (Schimel et al., 2013; Turner et al., 2003) , due to the greater separability of spectral signatures and vegetation spatial structure. Much research has focussed on detecting weed species (Cuneo et al., 2009; He et al., 2011; Mirik et al., 2013a,b; Somers and Asner, 2013; Ustin et al., 2002) , the cover of which is known to be a key indicator of vegetation condition (Oliver et al., 2007) . Phenology of species has also been helpful in identifying vegetation species in remotely sensed imagery (Hill et al., 2010; Somers and Asner, 2013) , even with relatively spatially coarse MODIS data (Zhou et al., 2013) . The variation in spectral reflectance over different seasons highlights the importance of selecting comparable imagery for time-series analysis.
Structure
Of the compositional, structural and functional attributes typically used to monitor vegetation condition, remote sensing has been most successful at measuring structure, particularly vegetation cover, height, and stem density. There has been little success in remotely sensed measures of tree hollows (Catena et al., 1990) or in detecting fallen logs and woody debris (Huang et al., 2009) .
Vegetation cover and density are the attributes most commonly derived in remote sensing studies of vegetation, and have been measured at scales ranging from global (Defries and Townshend, 1994; Hansen et al., 2000) through regional studies (Nagler et al., 2001 ) down to individual trees (Leckie et al., 2003) . Measures of remotely sensed vegetation cover and density include foliage projective cover (Armston et al., 2009 ), woody and non-woody cover (Furby et al., 2009; Radford, 2005) , and biophysical (functional) properties such as leaf area index and absorbed photosynthetically active radiation (Myneni et al., 1997) .
Many researchers have focussed on land cover classification (Friedl et al., 2002; Hansen et al., 2000; Loveland et al., 2000; Tucker et al., 1985) and monitoring change in vegetation cover, including vegetation clearance (Asner et al., 2005; Hansen et al., 2010) and the dynamics of vegetation over time (Lawley et al., 2011) . Patterns of vegetation cover have often been quantified using landscape metrics such as isolation (DeFries et al., 2005b) and fragmentation , which are well known to have significant impacts on vegetation condition (Saunders et al., 1991) .
Vegetation indices are commonly used to quantify vegetation cover, vigour and density in remote sensing. The Normalised Difference Vegetation Index (NDVI), which distinguishes actively growing vegetation from background features, is the most widely used vegetation index in remote sensing studies (Hansen et al., 2000; Loveland et al., 2000; Southworth et al., 2004) . Other indices for measuring cover commonly used include the Soil Adjusted Vegetation Index (SAVI), Enhanced Vegetation Index (EVI) (Karnieli et al., 2013) , Modified Soil Adjusted Vegetation Index (MSAVI) and the Transformed Soil Adjusted Vegetation Index (TSAVI) (Qi et al., 1994) . As each of these vegetation indices perform differently in different environments (Jafari et al., 2007; Purevdorj et al., 1998) , research is often needed to identify which is most appropriate for a particular application.
Measures of vegetation height can be derived using LIDAR and RADAR (Dubayah and Drake, 2000; Hyyppa et al., 2001; Lefsky et al., 2002b) . LIDAR has also been used for measuring forest leaf area index (LAI) (Luo et al., 2015) , canopy structure and biomass (Lefsky et al., 2002a) . Whilst LIDAR and RADAR are used for forestry applications they are uncommon in monitoring native vegetation of conservation interest, likely due to the high costs associated with imagery from these sensors and the specialist processing required.
Other structural features such as fallen logs and trees, and tree hollows are often measured in site-based condition assessments, although limited work has been done on detecting these with remote sensing, because of the difficulty of detecting them. However, because of the known relationship between presence of hollows and tree size for certain species (Lindenmayer et al., 2000; Wormington and Lamb, 1999) , it may be possible to derive this condition measure indirectly using remote sensing.
Canopy health and insect damage have been successfully derived from remotely sensed data, largely using hyperspectral imagery, in Eucalypt species (Coops et al., 2001; Evans et al., 2012; Haywood and Stone, 2011; Pietrzykowski et al., 2007; Stone and Coops, 2004; Stone and Haywood, 2006) and aspen and pine species (Coops and Stone, 2005; Hall et al., 2003; Ismail et al., 2007; Poona and Ismail, 2013; Sims et al., 2007; Stone et al., 2003 Stone et al., , 2013 . Such measures can be linked with vegetation condition and may provide improved quantitative measures compared to site-based assessments of tree health.
Plant regeneration is an important vegetation attribute and can be detected to some extent using multi-spectral imagery, texture measures or inferred through remotely sensed height measures (Holmgren and Persson, 2004; Leckie et al., 2003) . However, the ability to detect very young stands of regenerating trees is limited (Korpela et al., 2008) . Measures of plant regeneration can be informed by changes in land cover through change detection analysis including increases in cover (Lunetta et al., 2004) and changes in canopy roughness as vegetation ages (Foody and Curran, 1994; Kuplich et al., 2005) ; however methods are not well developed.
Function
Remote sensing has been very useful for measuring vegetation functional attributes, largely relating to primary production, plant health and phenology, disturbance including grazing, fire and floods. Much research has focused on studying vegetation health through measures of vegetation moisture (Gao, 1996; Penuelas et al., 1993) , biochemical properties of plants including chlorophyll content (Coops et al., 2003; Houborg et al., 2011) , and other leaf pigments . Lignin and nitrogen content have also been measured using remote sensing to infer ecosystem functioning (Martin and Aber, 1997) . Primary productivity, arguably the most important functional attribute of plants, has also been widely estimated using remote sensing (Mirik et al., 2013a; Running et al., 2004; Song et al., 2013) . Such measures have rarely been measured in traditional site-based assessments and therefore offer a new perspective on monitoring vegetation condition.
Zarco-Tejada et al. (2009) used chlorophyll fluorescence imaging to detect stress in vegetation, which is a pre-visual indicator of stress. Physiological and structural indicators of water stress in vegetation have also been measured, including wilting and loss of leaf area (He et al., 2011) . Several studies also have successfully used canopy temperature as an indicator of vegetation stress (Bellvert et al., 2014; Rud et al., 2014) .
Many causes and indicators of vegetation disturbance have been derived successfully from remotely sensed data, including weather (Kogan, 1990) , fire (Justice et al., 2002; Turner et al., 2008) , soil salinity (Dutkiewicz et al., 2009a,b; Metternicht and Zinck, 2003) , and grazing (Bastin et al., 2012; Pickup et al., 1994) . Tree mortality due to drought, wildfire and changes in management activity have also been detected using remote sensing methods (Garrity et al., 2013) .
Integration of site-based and remote sensing for monitoring vegetation condition
In Australia information about vegetation condition is sought across a range of scales from paddocks and sites to regions and the continent. By linking remotely sensed data with site-based data, ecological questions can be addressed across a range of spatial scales. Two broad forms have been used to integrate site-based data and remote sensing data together.
The most common approach involves the use of site-based data to characterise training sites and/or assess the accuracy of classifications from remote sensing analysis. Sometimes the relationship between site-based data and remote sensing data is statistical and explicit (Lewis, 1998) ; but more frequently is in the form of accuracy assessments. The second approach uses site-based data to calibrate and validate remote sensing indices and measures, where the remote sensing variable is used to predict the same biophysical variable on the ground (e.g. percent cover and LAI). Some studies also test the predictive relationships with independent validation sites e.g. SLATS (Table 2) and Cunningham et al. (2009) . Typically, when the imagery has a higher resolution than the objects of interest the first approach is used e.g. for classification of vegetation types using Landsat data; but when the imagery has a lower resolution than the objects of interest e.g. fractional cover derived from the unmixing or vegetation indices, the percentage cover is smaller than a pixel and hence image variables are related to sitebased variables via statistical relationships such as correlations and regression analysis, as in the second approach (Strahler et al., 1986) .
Site-based vegetation condition data has been integrated with remotely sensed imagery with varying degrees of success. Coops et al. (1997) assessed the linear relationships between LAI sitebased data with NDVI and the SR (simple ratio) derived using Landsat MSS data, yielding R 2 values on 0.71 and 0.53 respectively. Cunningham et al. (2009) tested four different modelling methods for mapping site-based health of Eucalyptus camaldulensis across a 1600 km length of river floodplain, yielding R 2 values between 0.77 and 0.85; however subsequent ground validation showed lower predictive power of the models in some cases. Sheffield (2009) compared data from the site-based BioMetric method (Department of Environment Climate Change & Water, 2011) with multi-spectral remotely sensed data using linear regression and found that some vegetation cover measures and stem density measures showed reasonable correlation with the imagery (R 2 values 0.58 and 0.76 respectively). However not surprisingly, most other site based variables were very poorly correlated, including understorey cover, litter, rocks, and hollow-bearing trees. Overall site condition scores showed moderate correlation with the imagery, yielding an R 2 value of 0.55. A number of state and national programmes within Australia also explicitly link site based structural measurements with remotely sensed data, including the foliage projective cover in NSW and AusCover etc. (Table 2 ). Landsat data and Spot 5 imagery has also been linked with windscreen assessment data using a ground cover index (GCI) to map attributes of very poor rangeland condition including density of grasses, soil condition, presence of weed species and woody vegetation density (Karfs et al., 2009) . Whilst very poor condition classes were identifiable, other land condition classes (from good to poor) were less identifiable in the imagery (Karfs et al., 2009) .
In order to explicitly link site-based and remotely sensed measurements a number of considerations must be taken into account. Often the design of traditional site-based monitoring programmes does not enable easy integration with remotely sensed data, creating difficulties with data integration, including data quality standards and the spatial and temporal mismatch between data collections (Reinke and Jones, 2006) . Reinke and Jones (2006) highlight the importance of plot location within homogenous patches to avoid the effect of mixed pixels, the need for reference points for data alignment, the need for correspondence between the size of site-based plots and image samples, an adequate number of plots which represent the variation in the vegetation, and the importance of matching dates of data acquisition. Zerger et al. (2009) also highlighted the importance of stratified site-based sampling which captures disturbance gradients in order to improve broader scale mapping of vegetation condition.
Continual work in this field will be vital for producing a consistent set of guidelines for integrating site and remotely sensed data, in order to effectively map and monitoring vegetation across a range of scales. The ecological field data must be collected in a systematic way and could be designed to measure those attributes which can more readily detectable in remotely sensed imagery. Notably the synoptic coverage and temporal frequency of remote sensing is very good at capturing environmental variability and may be used to improve design of site-based sampling (Ostendorf, 2011) .
Synthesis
Given the state of decline of vegetation condition in Australia, improved monitoring over a range of spatial and temporal scales is urgently required. The limited budget and capacity for assessment of vegetation condition necessitates cost effective indicators and methods that can be explicitly linked to condition. Site-based and remote sensing methods have proven very valuable in advancing the field of vegetation monitoring at their relative scales of application. However, effective integration of the two approaches will be key to accurately mapping and monitoring indicators of vegetation condition across a range of spatial scales and in answering pressing ecological questions.
This review has assessed attributes and methods for monitoring vegetation condition, including their spatial and temporal scales of application. Remote sensing offers broad scale, readily repeated measures of vegetation attributes and the possibility of 'lead' nonvisible indicators such as monitoring water stress in vegetation. Remote sensing is also particularly suited to change detection, whilst site-based studies offer important measures of biophysical attributes. Studies which integrate the two approaches offer the benefit of assessing vegetation condition across a range of spatial and temporal scales, however, are still in their infancy and several challenges need to be overcome. Despite challenges to integration of data types, much more can be achieved in this field. For example, site-based monitoring could be extended to also measure indicators of condition which are more readily estimated with the imagery e.g. measures of canopy health.
In the future technological advancements such as imaging spectroscopy and LIDAR, the increasing free availability of satellite image time series, and online sharing of ecological data through crowd sourcing and open access datasets, will enable further development in this field of mapping and monitoring vegetation across a range of scales. Conservation drones or unmanned aerial vehicles (Oliver et al., 2014) could also be useful in vegetation condition monitoring as they can coincide with the timing of site-based assessments; although they are also limited in coverage due to restricted flight time. Such developments may provide improved understanding of the complex spatial patterns and processes of vegetation, which is crucial for evidence-based natural resource management (Ostendorf, 2011) and quantifying vegetation condition across a range of scales.
